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Summary

This document contains the specifications of th&€$Theaters. The objective is to summarise
the information for electrical and mechanical desengineers as input to their subsystem
designs. This document needs to be maintained etadetl where needed and should be used
as a design reference document.
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1 Scope of the document

The document describes the heater specificatiotiseof TCS. The objective of the document is
to act as a reference document for electrical aadhamnical and thermal subsystem design. It
needs to be updated and detailed when heater ddsgiges are implemented.

The following components are specified:
* Pre-heaters (in TTCS boxes)
* Accumulator operational heaters (in TTCS boxes)
* Accumulator emergency heaters (in TTCS boxes)
e Accumulator ground test heaters (in TTCS boxes)
e TTCB radiator LSS ground test heaters (in TTCS bpxe
e Start-up heaters (in TTCS boxes)
* TTCS liquid line heaters (on condesner inlet antteodlines)
» Cold orbit heaters (in TTCS boxes)
e Tracker radiator and TTCS condenser heaters (120 V)

2 Reference documents

RD-1 NLR-Memorandum AMSTR-NLR-TN-039-Issue03
TTCS Condenser Freezing Test Report

RD-2 NLR-Memorandum AMSTR-NLR-TN-044-Issue01
TTCS Safety Approach

RD-3 NLR-Memorandum AMSTR-NLR-TN-30-Issue03

TTCS System Design Description Summary

3 System overview

In Figure 3-1 and Figure 3-2 the primary and seaontbop schematics are shown. These lay-
outs can be used as a reference to understangbéhation and interactions of the components
discussed. An electronics schematic is shown imrgi@-3. This is an overall block diagram
and shows the electrical connections of the comptgria the TTCS boxes.
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3.1 TTCS Heater Overview
In Table 3-1 an overview of the heaters and pwmdshe heaters is given:

Heater name Control Purpose Power/ | Comp. List
Thermo- | S/IW Heater | Indication
stat control @28Vol
TTCS 28 Volt heaters
Pre-heaters X Raise sub-cooled HTR1aP, HTR2aP,
liquid to TTCS set- 8.9 HTR1bP, HTR2bP
point HTR1aS, HTR2aS,
HTR1bS, HTR2bS
Keep accumulator
Accumulator (TTCS) at set-point 37.5 | HTR4aP, HTR4bP,
Control heaters XX X & HTR4aS, HTR4bS
Quick raise of
accumulator set-poin
Keep accumulator
Accumulator (TTCS) at set-point HTR8aP, HTR8bP,
control heaters XX X & 40.2 | HTR8aS, HTR8bS
(ground testing) Quick raise of
accumulator set-poin
Start-up heaters XX X Raise TTCS liquid HTR5aP, HTR5bP,
flow from—-40°Cto | 50 HTR5aS, HTR5bS
—20°C during start-up
(and cold orbitsTBD)
TTCS liquid line X HHLL1aP_RAM,HHLL1aP_RAM,
heaters Defrost the TTCS 16 HHLLLbS_RAM,HHLLLbS_RAM,
condenser lines (13.6 | HHLLIaP WAKHHLL1aP_WAK,
+ HHLL1bS_WAK, HLL1bS_WAK,
2.4)
TTCS LSS heaters X To keep TTCB N/A HTR9aP, HTR9bP,
(NON-FLIGHT) radiator > -40 °C 42.3 W | HTR9aS, HTR9bS
during LSS testing @50V
Cold Orbit Heaters XXX X Prevent Freezing in E$21822:1Tr§1100bb%
condenser @ Cold 60
Orbits

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.
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TTCS 120 V heaters

Tracker radiator X Defrost Tracker HHCONRAMP1A..HHCONRAMPSA
and condenser radiator NH HP’s HHCONRAMP1B..HHCONRAMPSB
heaters RAM and CQ condenser | 175.75 | WHCONRAMS1A.HHCONRAMSSA

HHCONRAMS8B..HHCONRAMSS8B

+ TRACKER RADIATOR HEATERS

Tracker radiator X Defrost Tracker HHCONWAKP1A..HHCONWAKPSA
and condenser radiator Nﬂ HP’s HHCONWAKP1B..HHCONWAKP8B
heaters WAKE and CQ condenser | 175.75 | HHCONWAKS1A.HHCONWAKSSA

HHCONWAKS8B..HHCONWAKS8B

+ TRACKER RADIATOR HEATERS

Table 3-1: TTCS Heater overview

Details on the numbers of heaters, locations aecirenics schematics can be found in the
specific heater sections.

X Nominal control

XX Additional safety control (outside operatibfd CS temperature limits)

XXX = Additional mission success control (outsigigerational TTCS temperature limits)

The radiator heaters run at 120 VDC from the POt Main heaters are supplied by the
ISS/PDS A and the redundant heaters are suppli¢iaebyedundant ISS/PDS B.

The other heaters run from the 28VDC supplied leyRDS to the TT-Crate (TTCE). The
TTCE has a nominal and redundant feed (TTCE A andE B). The TTCE A (main TTCE)
can be supplied by both A and B of the PDS. Theesamapplicable for the TTCE B (redundant
TTCE).

The power supplied from the TTCE is @ a nominatage of 28.0 Volts (min: 26.5 Volts max:
29.5 Volts). All the heaters are sized with the mahvoltage (28.0 Volts) except for the
heaters with have to output a minimum power ougwein @ minimum voltage, these are sized
with the minimum voltage (26.5 Volts).

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.
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4 TTCS 28 V Heater Design

The TTCS system is complete redundant meaning dentical loops are present on AMS02.
The primary loop is located on the Port side dr@dSecondary loop is located on the Starboard
side. The heater design for both the TTCS loogs&st similar except for some mirrored parts.
The heater design is identical and therefore only @f the two loops is shown. Only in cases a
difference has infuence on the heater design itb@iimentioned.

4.1 Pre-heaters (in TTCS boxes)
The objective of the pre-heaters is to raise the E€@perature to the set-point temperature.

4.1.1 Pre-heater location

The pre-heaters are located in the TTCS-boxes #ftersplit of the evaporator tubing (see
Figure 3-1 and Figure 3-2).

HTR1bP

b I

|
|
|
iPthibP.. PHRbP
I
|
I

, HTR1aP
| % '
!PMNE:P...P%.‘?IREP

PISNOP.. PISRBP

I
|
1
|
I
|
|
tebP E

t7bP

’ I
!PIENEP...F‘IﬁRaP

Figure 4-1: Detail of pre-heater section in TTCS dematics

At both branches a redundant pre-heater is loc@ad. of the evaporator branches is routed to
the upper Tracker and the other to the lower Tnackke pre-heater section will be located

directly on the TTCS base-plate and the heaterk b&ilconnected to a small copper block

brazed to the TTCS tubes.
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Section view A-A

Figure 4-2: Pre-heater location on the base-plate

The A and B heater wires are both attached todheedube locations as can be seen in Figure
4-3.

AR A P
AREEE R

i AT TAVRARAR ALY
[ SR SRRt i i

21.7 REF

70.3 [2x) 32 REF 232 PRE-WELDING{2X] ‘

Figure 4-3: Pre-heater section design HTR1aP, HTR®) HTR2aP, HTR2bP
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Figure 4-4: FM-Primary picture of the final flight assembly Primary box
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4.1.2 Pre-heater electronic lay-out
In Figure 4-5 the TTCS heater schematic for thehgaters are shown.

[~ T T T T Ticssoxl r—————rxg———ﬁsgxgl
| |

| | I |
| PHP-TOP PHP-BOTTOM | | PHS-TOP PHS-BOTTOM |
e SR s g £ )
I TR1aP HTR1bPA HTR2aP HTR2bP I I HTR1aS HTR1bS HTR2aS HTR2bS I
I | | I
I | | I
| | I |
N I i I PR I S [ I L — IR R IR N RN I

TTCEA TTCEB
1

‘ PDS

Figure 4-5: TTCS-boxes active components schematidth highlighted pre-heaters

Both boxes are shown. In each box the two branehesshown with the A and B heaters
attached. The heaters are not protected with tretats as the maximum temperature is
acceptable for both the soldering connection arel gressure system requirement for this
section (see RD-2).
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4.1.3 Pre-heater specifications
The Pre-heater is a wire heater soldered onto itiiagoof the TTCS, the sizing of the wire
heater is based on the minimal voltage of 26.59/0lt

« P=8.0W

+ R=26.58.0= 87.80hm

e lym = 28/87.8 = 0.32 Ampere

*  lnax=29.5/8.0 = 0.34 Ampere (@)= 29.5 Volts)

*  Prax= 29.5/87.8 = 9.91 Watt

*  Lpeate= 87.8/330 = 0.266 m

Pre- TTC Location Function Max Heater Type Heater Max MaxPower
Heater E Power (Thermocoax) resistance | Currentat density
Id# @ 28 Vdc Q) 29.5V [Watt/m]
(amps)
HTR1aP A P-box Pre-heating 8.9 | 2NCNC DO0.5L0.266 87.8 0.34 37.3
HTR2aP A P-box Pre-heating 8.9 | 2NCNC DO0.5L0.266 87.8 0.34 37.3
HTR1aS A S-box Pre-heating 8.9 | 2NCNC DO0.5L0.266 87.8 0.34 37.3
HTR2aS | A S-box Pre-heatin 8.9 | 2NCNC DO0.5 L0.266 87.8 0.34 37.3
HTR1bP B P-box Pre-heatin 8.9 | 2NCNC DO0.5 L0.266 87.8 0.34 37.3
HTR2bP B P-box Pre-heatin 8.9 | 2NCNC DO0.5 L0.266 87.8 0.34 37.3
HTR1bS B S-box Pre-heating 8.9 | 2NCNC DO0.5 L0.266 87.8 0.34 37.3
HTR2bS B S-box Pre-heating 8.9 | 2NCNC DO0.5 L0.266 87.8 0.34 37.3

Table 4-1: Pre-heater specifications

The heater is selected taking into account a maxiraliowable power per unit of length (20
Watts/foot = 65.6 Watts/m):
e Thermo-coax 2NCNC DO0.5 L0.266 (380m)
The pre-heaters are directly soldered onto theéditine:
e Material: Inconel
e Outer diameter: 0.5 mm
e Length: 0.266 m
e Power supply: 28.0 VDC (TTCE).
Requirements:
« The operational temperature —40 °C and 30 °C. ighise temperature of the liquid)
e The non-operating temperature —60 °C and 160 °C
» Space qualified
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The thermal analyses of the heater in operationenaod safety failure mode are presented in
the safety approach documefWISTR-NLR-TN-044-Issue01[RD-2].

The connectors on each end of the wire heater geciad Thermocoax connectors
(CMO5SPE/CEMENTS) and shown in Figure 4-6.

D5

30 7 55

Figure 4-6: CM-05 Wire Heater Connector Layout

The CMO05 connectors have the following specifiaagio
1. Maximum working temperature: 1000 °C for the cenhand the hot side of the
wire heaters, 200 °C for the electrical wire.
2. The ceramic/metal connections can be used in va¢uaiBars).
3. Maximum allowable current 10 Ampere
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4.2 Accumulator Heaters

The objective of the accumulator heaters is to kempumulator (TTCS) at set-point in normal
control conditions and to quick raise of accumulagt-point during off-nominal situations.

4.2.1 Accumulator heater location
The accumulator heaters can be divided in two tgbésaters:

* Heaters attached to the accumulator heat pipe whilthhe used and connected to the

TTCE in flight

« Heaters attached to the accumulator wall (mantiéy ased for ground testing and

NOT CONNECTED in flight

The accumulator location heater locations for teedBdary loop are indicated in Figure 4-7.

PRE HEATER (2x):
SEE DAW. ETs393-12-3 /] 1\ (] .g)

(I B I ) REF
/

N

Location of accumulator f”eaﬁer'sﬁ:
(ground testing) Lo

_"‘Accumulator heaters (flight)

. WARK HERE WITH v
(1' ?-PEFMANENT K
N4 N

ACCU HEATER (1x)
SEE DAW. ETBO9B-12-005

@
®

HEAT EXCHANGER (1x): |

|
SEE DRW. ETB029-05-31 |

®

Section view A-A

Figure 4-7: Location accumulator heaters

For the Secondary loop the ground test heatemastdd on the top of the accumulator to allow
control of the accumulator also for low set-poifitsw accumulator levels) during the TV
testing at ESTEC. At ESTEC the Secondary box isnteid upside down. The Primary loop is
orientated normally and therefore the Primary gbtest heaters are located at the bottom of
the accumulator. The flight heaters are arrangeddrsame way for the Primary and Secondary

loop.
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The wire heaters will cover the complete HP outerfaxe. Two (2) heaters need to be
accommodated.
4.2.2 Accumulator heaters electronics layout

—

TTCS-P-Box TTCS-S-Box

HTR4aS
1

—_—T
HTR4aF

HTR4bP HTR4bS

TTCEA TTCEB

PDS

Figure 4-1: Accumulator heater schematic

The accumulator heater schematic for flight hegtdisR4aP, HTR4bP, HTR4aS, HTR4bS) are
shown located on the heat pipe (yellow pipe). Theumulator heaters for ground testing
(HTR8aP, HTR8bP, HTR8aS, HTR8bS) are located oratleeimulator vessel (green). In the
accumulator flight heater schematics 3 heat switehie present. The ground test heaters will be
protected by triple redundant Pt1000’s for safetysons during ground testing. These ground
test heaters will be disconnected after groundnigstnd therefore not present during flight. The
heater specifications are given in section 4.2.4.
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4.2.3 Thermostat specification
The thermostats chosen for the accumulator are:

Comepa Model 45

Model 45
GAMT1
Automatic Reset NFC 93450

SPECIFICATIONS
Electrical Rating

2A 125 VAC Resistive load
4A 30VAC Resistive load
1A 125VAC Inductive load
2A 30VAC Inductive load

Contact Resistance

£50 mOhms
Dielectric Strengh

Contact and case 50 Hz = 1000 V eff.
Open conctact 50 Hz = 1000 V eff.

Heating Resistance

180 €
Mechanical Strengh

Vibration 10 a 3000Hz 30g
Shocks 500g /1ms

Leakage rating

=1.10-8 bar cm3/s
Switching durability

100000 times at rated load

The detailed specification of the thermostat setygsoof all box thermostats is given in
Appendix 07.
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4.2.4 Accumulator heater specification
Accu- TTCE Location On Function Nom Power Heater Type Heater Max Current Power Density
Heater Accumulator @ 28 Vdc resistance @ 295V (Wire: W/m)
Id# Q) (Foil: W/cm?)
HTR4aP A Heat Pipe P-Box Flight Control 37.5 Thermocoax 1 Hc Ac 10/746mm 20.9 41.63 55.75
Connectors 2xCM10/E1419WHITE/200mm
(AWG 14 wire)
HTR8aP A Accu Wall P-Box Ground Test 40.2 Minco Foil Heater K5592 (With Minco PSA #1 19.50 44.6 2.25
Control Epoxy Adhesive) 44.5 mm x 44.5 mm, Type 2
19.50 Ohm, 19.8 cm”"2
HTR4bP B Heat Pipe P-Box Flight Control 37.5 Thermocoax 1 Hc Ac 10/746mm 20.9 41.63 55.75
Connectors 2xCM10/E1419WHITE/200mm
(AWG 14 wire)
HTR8bP B Accu Wall P-Box Ground Test 40.2 Minco Foil Heater K5592 (With Minco PSA #1 19.50 44.6 2.25
Control Epoxy Adhesive) 44.5 mm x 44.5 mm, Type 2
19.50 Ohm, 19.8 cm”"2
HTR4aS A Heat Pipe S-Box Flight Control 37.5 Thermocoax 1 Hc Ac 10/746mm 20.9 41.63 55.75
Connectors 2xCM10/E1419WHITE/200mm
(AWG 14 wire)
HTR8aS A Accu Wall S-Box Ground Test 40.2 Minco Foil Heater K5592 (With Minco PSA #1 19.50 44.6 2.25
Control Epoxy Adhesive) 44.5 mm x 44.5 mm, Type 2
19.50 Ohm, 19.8 cm”"2
HTR4bS B Heat Pipe S-Box| Flight Control 375 Thermocoax 1 Hc Ac 10/746mm 20.9 41.63 55.75
Connectors 2xCM10/E1419WHITE/200mm
(AWG 14 wire)
HTR8bS B Accu Wall S-Box Ground Test 40.2 Minco Foil Heater K5592 (With Minco PSA #1 19.50 44.6 2.25
Control Epoxy Adhesive) 44.5 mm x 44.5 mm, Type 2
19.50 Ohm, 19.8 cm”"2

Table 4-2: Accumulator heater table (yellow flightheaters, green ground testing heaters)

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR. |

AMSTR-NLR-TN-043_4.0_TTCS_Heater_Specifications.doc - Saved: 2009.09.02 03:56, Printed: 2009.09.02 15:56




@

AMS Tracker Page 24 of 89

3 RSITE DE GENEVE Thermal Control Doc.ld AMSTR-NLR-TN-043
liTiEF ubsystem

) N.‘| S Issue 4.0

TTCS Heater Specifications Date August 2009

4.2.4.1 Accumulator control heaters details

Function: Regulate evaporation set-point in all operationatles (heating).
Location: The Accumulator control heaters will be placedtiom heat pipe. A wire heater with
stainless steel is chosen since the accumulatophpeais made of stainless steel.

The accumulator heaters are sized such that thereelgpower 37.5 W is delivered with 100%
duty cycle @ 28.0 VDC.

The heat pipe on the accumulator will be equippid avwire heater:
e P=375W
+ R=28/37.5= 20.9 Ohm
e lhom = 28/20.9 = 1.34 Ampere
e lmax=29.5/20.9 = 1.41 Ampere (@.¥% = 29.5 Volts)
*  Lheae= 746 mm

The selected elements are the 1NcAc wire heateFsiIBERMOCOAX (www.thermocoax.coin
with stainless steel sheath. Thermocoax 1 Hc Am@0diameter with 746mm lenght.

The 1NcAc wires have a power output per unit ler@ftB8 ohms/m.This results in following
approximated length:

R=34.84 ohm ==========> L1=746 mm

In the table below information is listed about thee:

Accu control wire heater
Coating material Stainless steel 304L
Diameter 1.0 mm
Length Cold Parts No cold ends
Length Hot Part 746 mm
Resistance (High Temp) 20.9 Ohm
Nominal Power supply 28 Volt
Power (approx) 37.5 Watt
Connector type Connectors 2xCM10

Table 4-3: Accumulator control heater wire detais
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The connectors on each end of the wire heatertanelard Thermocoax connectors CM10 are
shown in Figure 4-2.

@5

30 i 55

Figure 4-2: CM-10 Wire Heater Connector Layout

The CM10 connectors have the following specifiaagio
1. Maximum working temperature: 200 °C for the CM1@ d&ine hot side of the wire
heaters, also 200 °C for the electrical wire.
2. The ceramic/metal connections can be used in va¢aiBars).
3. Maximum allowable current 10 Ampere

The thermocoax ordering code for the accumulatotrobheaters is Thermocoax 1 Hc Ac
10/746mm Connectors 2xCM10/E1419WHITE/200mm (AWGnire).

As stated before the wire heaters are solderedtbataccumulator heat pipes, this can be seen
in Figure 4-9. The heater connectors are locatedaside of the heat pipe. This is possible
because the minimum bending radius of the wir@siisn (3 times the wire outer diameter),
making it possible to mount the wires onto the Ip#iag in the configuration seen in Figure 4-9.

(I )
[

Figure 4-8: Accumulator heaters sconfiguration

The power lines (Feed and Return lines) are sadidenéo the connectors ends.
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Figure 4-9: 3D view of the accumulator flight heates placement onto the accumulator
heat pipe

Figure 4-10: Accumulator detailed drawing of wireheaters placement on heat pipe
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Figure 4-11: Picture of the implemented accumulatowire heaters
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4.2.4.2 Accumulator ground test heaters details (in TTCS bres)

Function: The ground test heaters have the same functiopeawdr output as the accumulator
control and emergency heaters.

Location: Directly on the accumulator wall.

HTR8aP HTR8bP
Pt3LaP \ P3RbP
Pt3RaP e

Figure 4-12: Accumulator ground control heater locéed on the TTCS accumulator wall
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Figure 4-13: Accumulator ground control heater locéed on the TTCS accumulator wall
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Figure 4-14: Accumulator ground heater specificatio
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The accumulator ground test heaters have a maxipawer density of respectively 2.54 and
2.07 [Wi/cnd] for the control and emergency ground test heaf€hés is above the flight
requirement for foil heaters of 0.456 [W/gmThe ground test heaters are disconnected from
the power line before flight and thus this powensity requirement is not applicable for the
ground test heaters. The procedure for inhibitipgration of the ground test heaters during
flight is outlined in the safety approach docunies¥STR-NLR-TN-044-Issue01[RD-2].

During ground testing in the Large Space Simulét&S) the accumulator temperature will be
monitored by triple redundant Pt1000’s Pt1 to avandrheating of the accumulator. The heater
temperature will be monitored by triple redundatritOP0’s Pt3.
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4.3 Start-up heaters (in TTCS boxes)
The objective of the start-up heaters is to rdige®TCS liquid flow from — 40 °C to — 20 °C
during start-up and cold orbit operation.

4.3.1 Start-up heater location

The start-up heaters are located on the heat egehamthe TTCS boxes as indicated in Figure
4-15.

Location of TTCS start-
up heaters

Figure 4-15: Start-up heater location

The start-up heaters are wire heaters solderetie¢darge thermal mass of the TTCS heat
exchanger.
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4.3.2 Start-up heater electronics lay-out

TTCS-P-Box TTCS-S-Box
Heat Exchanger HTR5aS Heat Exchanger
HTR5aR HTR5bP HTR5bS

TTCEA TTCEB

‘ PDS ‘

Figure 4-16: Start-up heater schematic

The start-up heaters (HTR5aP, HTR5bP) are showexirfa) and blue (b) for the Primary box.
The start-up heaters (HTR5aS, HTR5bS) can be fdanthe left side . The heaters are
connected to the TTCE-box. The heaters are redandlbha start-up heaters are protected by 3
thermal switches in series for safety reasons.féerostats are located on the upper bracket as
seen in Figure 4-17. The fault heater analysisresgnted in the TTCS documemMSTR-
NLR-TN-044 1.0 TTCS Safety Approach.doc”.

The thermostats chosen are the same type as factihinulator heaters, seen section 4.2.2. The
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Thermostats

Figure 4-17: Thermostat and wire heaters placemertdnto the TTCS heat exchanger
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4.3.3 Start-up heater specifications

The start-up heaters are placed on the heat exenhange heaters are chosen because:
« The maximum surface available on the heat exchagerl11 cn).
¢ The maximum power density allowable for foil heaté.465 W/cm2).

Each heat exchanger will be equipped with two redan wire heaters. The heaters are sized
such that they deliver a power of 50 Watt @ the inainvoltage of 28.0 VDC. The heater is
selected taking into account the maximum allowgtmeer per unit of length (20 Watts/foot =
65.6 Watts/m):

 P=50W

+ R =28/50=16.0 Ohm

e lhom=28/16.0 = 1.75 Ampere

*  Prom= 28716.0 = 50 Watt

*  Inax=29.5/16.0 = 1.84 Ampere

*  Lpeae~ 16.0/12.5=1.25m

The selected elements are the THERMOCOAX ZEZI viieaters Www.thermocoax.coi
Wire heater ZEZI10/8-128-8/2xCM10/CEMENTS8/E1419WIHIPOOmMm (AWG 14 wire)

This is a single core wire heater with cold endg Wire chosen has a sheath metal of Inconel.
The ZEZI wires have a line resistance per unittlered 12.50hms/m.This results in following
approximated hot length:

L1=128 cm

In the table below information is listed about tiee:
Start-up wire heater

Coating material Inconel alloy 600

Diameter 1.0 mm
Length Cold Parts 10 cm (on each end)

Length Hot Part 128 cm

Total length 148 cm
Resistance (High Temp) 12.5 Ohm/m
Nominal Power supply 28.0 Volt

Power (approx @ 28.0 Volts)] 50.0 Watt
Power density @ 29.5V 42 Watt/m
Connector type CM10/CEMENTS8

Table 4-4: Start-up heater specifications

With the above chosen wire heater the wire heatiébes soldered on the heat exchanger and
will have 7.3 turns around the heat exchanger.
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The connectors on each end of the wire heater
(CM10/CEMENTS) are shown in Figure 4-18.

@5

tapdard Thermocoax connectors

Figure 4-18: CM-10 Wire Heater Connector Layout

The CM10 connectors have the following specifiaagio

1. Maximum working temperature: 1000 °C for the cen@hand the hot side of the

wire heaters, 200 °C for the electrical wire.

2. The ceramic/metal connections can be used in va¢aiBars).

3. Maximum allowable current 10 Ampere

Detailed description (Technical information) on bement8 connector is to be found in

Appendix 04 and 05.
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4.4 Cold Orbit Heaters (in TTCS boxes)
The objective of the cold-orbit heaters is to rdiee CO2 temperature to such a temperature that
freezing is prevented in the condenser during odbits.

4.4.1 Cold orbit heaters location

The cold orbit heaters are located in the TTCS-bader the exit of the heat exchanger and
before the split into the Wake and Ram condengsst fimes. (See Figure 3-1 and Figure 3-2).
The cold orbit section will be located directly thre TTCS base-plate. The location of the cold
orbit heater in the box is seen in Figure 4-19.

Heat Exchanger

Cold Orbit Heate

Figure 4-19: Cold Orbit heater location on the baselate

The cold orbit consists of a copper structure gfrap. 5 cm by 11.5 cm. The liquid line from
the heat exchanger to the radiators is solderéugaopper structure along the wire heaters.
The model the cold-orbit heater is shown in Figd#20. The detailed design can be found in
Appendix 11.
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TTCS Tube
Do= 6.0 mm
Di =4.0 mm

Copper cold orbit
structure Thermal Switches

Figure 4-20: Cold Orbit Heater model and detailed @sign

Figure 4-21: Integrated cold orbit heater

For mission success reasons one thermal switchgser is installed to avoid overheating of
the solder in case of a switched on heater witbraranning loop.

The safety approach and the maximum temperaturea@itithermostat failure are presented in
the TTCS safety approach documeAMSTR-NLR-TN- 4 1.0 TTCS Safety Approach.doc”.

The thermostats chosen are the same as the actombkirmostats seen in section 4.2.2.
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4.4.2 Cold Orbit Heaters electronic lay-out
In Figure 4-22 the TTCS heater schematic for tlelhmaters are shown.

| ixrp ] TTCSBoxP| I_ T T T HxRS _TT_CS§,X§i
| | | |
| | | |
| . | | . |
Cold Orbit Cold Orbit
I ‘ Heaters I | Heaters I
| E 5 | | J—é 5 |
I HTR10aP HTR10bP I | HTR10aS HTR{IQbS I
| | | |
| ‘ | | |
L= A

e—
TTCEA - 1 1 TTCEB

PDS

Figure 4-22: TTCS-boxes active components schematiold Orbit Heaters

Both boxes are shown with the A and B heaters f&thc
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4.4.3 Cold Orbit Heater specifications

The heater is selected taking into account the mmaxi allowable power per unit of length (20
Watts/foot = 65.6 Watts/m):

 P=60W

+ R =28/60 = 13.07 Ohm

*  lpom=28/15.7 = 2.14 Ampere (@ 28.0 Volts)

*  Imax=29.5/15.7 = 2.25 Ampere (@ 29.5 volts)

*  Lpeate= 13.07/12.5=104.5 cm
The selected elements are the ZEZ wire heater$iBRMOCOAX (www.thermocoax.coi
The ZEZAc wires have a power output per unit lengthl2.5 ohms/m.This results in
following approximated length:

R=13.7 ohm ==========> L1 =104.5cm

In the table below information is listed about thiee as delivered by the manufacturer:

Cold Orbit wire heater
Coating material RVS 304
Diameter 1.0 mm
Length Cold Parts 0 (Variable)
Length Hot Part 104.4 cm
Resistance (High Temp) 13.07 Ohm
Power supply 28 Volt
Nom Power (@28.0 Volts) 60 Watt
Power Density @ 29.5V 63.7 Watt/m
Connector type CM10/CEMENTS8

Table 4-1: Cold Orbit heater specifications
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Heater TTCE | Location Function Nominal Heater Type Heater Power Max
Id# Power (Thermocoax) resistance | Density | current
@28Vdc @29.5V @ 29.5
[Watt] [Q] [W/m] [Amp]
HTR10aP A P-Box| Cold Orbi 60 ZEZAcD1.0 L1.04 13.07 63.7 2.25
Heater
HTR10aS A S-Box| Cold Orbit 60 ZEZAcD1.0 L1.04 13.07 63.7 2.25
Heater
HTR10bS B P-Box| Cold Orbit 60 ZEZAcD1.0 L1.04 13.07 63.7 2.25
Heater
HTR10bS B S-Box| Cold Orbit 60 ZEZAcD1.0 L1.04 13.07 63.7 2.25
Heater

Table 4-5: Cold Orbit Heater specifications

The wire heaters are soldered onto the cold odpper structure as seen in Table 4-5. The
heater is selected taking into account a maximulmwable power per unit of length (20
Watts/foot = 65.6 Watts/m):
Thermo-coax ZEZAc D1.0 L1.04 (12¢%m)
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4.5 TTCS liquid line health heaters

The objective of the TTCS liquid line heaters igd&grost the TTCS CO2 condenser lines after
an AMS complete power down. The TTCS liquid linetees are connected to the TTCE and
operate at 28 V.

Important remark: The liquid line heaters should be switched on before the 120 V defrost
heaters of the Tracker radiators itself (see sectin5). The liquid lines need to be unfrozen
before the condenser section starts to be defrostethis in order to avoid high pressures in
the condenser sections. Safety is looked after blyet radiator heater thermostats so it is not

a safety issue but a matter of common sense notdtress the condenser lines if not needed.

4.5.1 TTCS liquid line health heater locations

The TTCS liquid line heaters are located near duwthRAM and WAKE Tracker radiators. The
heaters location is shown in yellow in Figure 4-ZBe heaters are connected to the TTCS
primary and secondary condensers tubing running tiee USS Upper Vacuum Case joints to
the Tracker radiator condensers. A total of fouy ¢dndensers are present. The Primary
condensers are located at the Port side of AMSKEraadiators and the Secondary condensers
are located at the Starboard side of AMS.

RAM
ey
WAK % -
5
(F]
OO @ o
[
. aaml|
e aamsl|
[
SHe i

Figure 4-23: Location of the TTCS liquid line heates (yellow)
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The condenser tubing for each of the 4 condensersisis of 14 parallel Inconel tubes (7 inlet
and 7 exit tubes). This is shown in Figure 4-240T®) heaters are wrapped around 14 parallel
condenser tubes (Figure 4-24). One additional heiatdocated at the inlet/outlet of the
condenser plate to cover the heat leak to the cmaie

%

6.1/ET5998-11

Ve
\o

=N
)/ 3 /"

[+2]

) ET5998-11

-
L)

Wire heater:

Foil heater

Isometric view
no scale

Figure 4-24: TTCS liquid line heater design PrimaryWake and Secondary RAM

The heaters are not rigidly attached to the corefelises but wrapped around. The heater is
used to heat the volume including the condensezstuibherefore Multi Layer Insulation (MLI)
is placed around the capillary tubes. In Figureb4a2schematic drawing of the layout is seen.
Around the condenser tube bundles two wire heatersvrapped. One powered by TTCE-A
and one by TTCE-B.
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SEE NOTE 5 /_ﬂ?\
1

Nl

 MULTI-LAYER INSULATION

Figure 4-25: MLI heater insulation of the Primary wake and Secondary RAM condenser

The dimensions of the liquid capillary lines arg; 1.0 mm, R;= 3.15 mm, L = 0.70 m inlet
and L = 0.70 m outlet.

The Minco Foil Heater on the condenser plate isqaan series with the wire heater wrapped
around the condenser lines. The heater is locatedree of the capillary liquid lines into the
condenser. This is done to compensate the heatfieak the liquid lines into the cold
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condenser at freezing. The location of the foiltee#& seen in the figure above and in more

detail below.

HHLL1aPWAK
]

HHLL1bPWAK |

TSWAKCON1A
TSWAKCON2A
TSWAKCON3A

TSWAKIA

TSWAK2A _—

TSWAK3A ( " " )

Figure 4-26: Location of the additional TTCS liquidline heater.

The heaters wrapped onto the capillary liquid sihett both the feed and return lines terminal
blocks are located near the manifold. This is acddeby double folding the wire heaters before
wrapping it around the capillary liquid lines; tigsseen in Figure 4-27.

Figure 4-27: Heater assembly on capillary liquid ines (details).
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4.5.2 Liquid line heaters electronic lay-out
The lay-out of the electronics is shown in Figur284toFigure 4-31.
All four condensers have the same heater lay-odtesth are individually connected to the

TTCE-A and TTCE-B. It is proposed to have only omgoff control for all liquid line heaters.
| PDS

[ Connector/HPCONAP |
I — |

I~ T 177 7 T Capillaryliquidlines |~~~ T 7
Primary RAM

Condenser plate
Primary RAM

PDS

T 7 7 7 TCapillary liquid lines
Primary Wake

Condenser plate
Primary Wake

Figure 4-29: TTCS Wake Liquid line heaters schemati primary condenser
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| PDS |

[ Connector/HPCONAS | [ Connector/HPCONBS |

— T

B

Capillary liquid lines
Secondary RAM

Condenser plate
Secondary RAM

| PDS |

[ Connector/HPCONAS | [ Connector/HPCONBS |
— 1
]

B
B

B
I~ T 7 77 T Cepillaryliquidlines 1~~~ 7
Secondary Wake

T

Condenser plate
Secondary Wake

Figure 4-31: TTCS Wake Liquid line heaters schemati secondary condenser

The TTCS liquid line health heaters are labeledheeatter section:
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HHLL1aP_RAM
HHLL1aS_RAM
HHLL1aP_WAK
HHLL1aS_WAK

HHLL1bP_RAM
HHLL1bS RAM
HHLL1bP_WAK
HHLL1bS_WAK

One section includes 1 wire heater with one fodltbein series as shown in Figure 4-31.

The local connection of the wiring near the conéemsanifolds is shown below.

M81714/6-DE1 Side view

M81714/6-DE1 Side view

LL Wire heater

’_(WL

o o o o o
o ' o @ o o
Feedthrough type TB
Connector/HPCONA
on TTCB
] L

Feedthrough type TB

Connector/HPCONB
on TTCB

M81714

6-DE1 T?op view

| L

LL Wire heater

’_(WL

5

M81714/6-DE1 Top view

|5

Figure 4-32: Terminal block cabling for foil and wire heater

A is connected to a single separate TB.
B is connected to a single separate TB.
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The following terminal blocks are chosen for thgid line heaters (Amphenolpcd):
* RAM primary condenser:
1. TBlaP_RAM (Feed & Return, TTCE A, P, Foil heatery==> M81714/6-DE1
2. TB1bP_RAM (Feed & Return, TTCE A, P, Foil heaterF==> M81714/6-DE1
« RAM secondary condenser:
1. TBlaS_RAM (Feed & Return, TTCE A, S, Foil heatery==> M81714/6-DE1
2. TB1bS_RAM (Feed & Return, TTCE A, S, Foil heater==> M81714/6-DE1
*  WAKE primary condenser:
1. TBlaP_WAKE (Feed & Return, TTCE A, P, Foil heatetF> M81714/6-DE1
2. TB1bP_WAKE (Feed & Return, TTCE A, P, Foil heater=> M81714/6-DE1
«  WAKE secondary condenser:
1. TBlaS_WAKE (Feed & Return, TTCE A, S, Foil heaterF> M81714/6-DE1
2. TB1bS_ WAKE (Feed & Return, TTCE A, S, Foil heater=> M81714/6-DE1
The terminal block T81714/6-DE1 locations on AM$ ahown below.

2 TB FOR TTCS 28V
(M81714/6 — DE1)

1 CIRCULAR
CONNECTOR FOR
TCS (HEATERS 120 V) &
- MS27497E8F98P &
(3X20-P)

B top
N A bottom

1 TB FEEDTROUGH FOR TCS
120V (M81714/6 — DE1)

Figure 4-33: Terminal block locations liquid line heaters TB on the right
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The mechanical TB location is shared with the taahiblock and connector for the 120V
heaters (see section 5). The TB specificationasvshin below table in the last row.

Terminal Junction Modules
Series | - M81714/1, /6

MATERIALS
& High Raliability
Module Body: 3 |
Polyetherimide per MIL-P-46184 t + High temperature
{lcrommet: gm « High fluid resistance
Silicane blend elastomer ' g - + Feedback and Feedthru
Contact Retainers: L
Stainless Stes| o Accepls 22, 24, 26 AWG
Size 22 Feedback Size 22 Feedthru
Internal contactbus system;
(Copper alloy, gold finish per T J:l
MIL-G-45204
847
MAX 1.492
(OPERATING RANGE _L MAX
L-— 850 —-| -!.390Lr l I
L B850 -| 390
Temperature: 5% to 200MC
insulation Resistance: Modules accommodate 139022/1-100, size 16/22°, pin contacts: Quantities: 10
15000 magohms @ 25% Feadback, 20 Feedthru
Dielectric Withstanding Feedback modules are shipped with one extra contact and two sesling plugs;
Voltage: leadthru modules are shipped with two extra contacts and four sealing plugs per
1500Vrms @ sea leve| MIL-T-81714
[200Vrms @ 100,000 ft
Feedback modules readily install in both M31714/5 & /15 mounting lracks;
Current rating: § Amps feedthru modules readily install in M&1714/10 mounting frecks.
Vibration & Shock:
MIL-T-81714, para. 35.5 & 35.8 Mg
FEEDBACK FEEDTHRU
MILITARY NO, PCD NO. MILITARY NO. PCD NO.
MB171411-DA1 TIM122701 MB17145-DA1 TIm222701
MB81714/1-DB1 TIM122702 MB171415-DB1 TJM222702
MB1714/1-DB2 TJM122703 MB1714/8-DB2 TJM222703
Ma1714/1-DB3 TIM122704 MEg1714/6-DB3 TIM222704
M81714/1-DC1 TIM122705 M81714/8-DC1 TUm222705
M81714/1-DC2 TIM122706 M81714/6-DC2 TJM222706
M81714/1-DC3 TIM122710
Ma1714/1-DC4 TIM122712
M8a1714/1-DD1 TJM122707 M81714/8-DD1 TJM222707
M81714/1-DD2 TdM122711
M8a1714/1-DE1 TJM122708 ME1714/8-DE1 TJM222708
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Material and operational specifications Terminal bbcks

Module Body: Polyetherimide per MIL-P-46184

Grommet: Silicone blend elastomer

Contact Retainers: Stainless Steel

Internal contact/bus system: Copper alloy, goigh per MIL-G-45204

Temperature: -65%4 to 200v.C
Insulation Resistance: 5000 megohms @ 25%
Dielectric Withstanding Voltage: 1500Vrms @ sevwel

200Vrms @ 100,000 ft.
Current rating: 5 Amps
Vibration & Shock: MIL-T-81714, para. 3.5.5%5.8

4.5.3 Thermostat specifications liquid line wire heaters

The thermostats used on the condenser brackettharg00 series Thermal Switchfrom
Honeywell having the following characteristics

¢ Ambient Temperature Range: -201 °C to +204 °C
» Specified Temp Set point Range: -17.2 °Cab1°C
e Standard set-point Tolerance: £Z8

* The 700 series has supporting data at 1 amp 120VDC.
Specification of the dedicated thermostat:
*  Honeywell TS701 Part no 701S090A130A
* Opening +54 °C/Closing +32 °C
The thermostats are glued onto the condenser lissakeshown in Figure 4-35 and Figure 4-36.

085(2.16)* 390 MAX
053 800 79 1)
2.062+.005* -B83(1.80) =5l
{1.57+.13) 020+.005% |
2% (51£.13) |
( . * ¢ 9\"4 ?.60 MAX =
0(7.62) W 060 MA
.3;\5‘.’7;;.8;4'3 Y —+ 0 (15.24) - -
( ) N
I \__,/// * L

I __l 500 MAX
. (12.7)
WEIGHT: 8.0 GMS MAX

Figure 4-34: Honeywell 700 series layout (dimensisrin inches)
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4.5.4 Electrical wiring mechanical sketch
In the below 2 pictures the wiring lay-out is shoiwra mechanical sketch.

. gra[t comm el ZW/
1 CIRCULAR

CONNECTOR FOR 2 é { /
TCS (HEATERS 120 V) o a O,
- MS27497E8F98P = ’ .
(3X20-P)

1 TE FEEDTROUGH FOR TCS
120 V (M81714/6 - DE1)

Figure 4-35: Wiring lay-out liquid line wire heaters A-side
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1 CIRCULAR
CONNECTOR FOR

TCS (HEATERS 120 V)

- M527497EBF38P

TB FOR TTCS 28V
(M81714/6 - DE1)

B_ :f-J it/Ac[ca/
t/a gﬂ/& TE

Figure 4-36: Wiring lay-out liquid line wire heaters B-side

This lay-out is similar for all four condensers.
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4.5.5 TTCS liquid line health heater specifications

The liquid line heaters are placed around capillapyid lines. Each condenser inlet/outlet will
be equipped with two redundant wire heaters. Tlagene will heat the volume wrapped by MLI
and therefore also the condenser lines will bedukat

The wire heaters are chosen such that they ddliVéatt per condenser line. The foil heaters
placed on the condenser plate is chosen sucht tthelivers app. 3 Watt to look after the heat
leak to the condenser plate. The heaters chosenthavollowing specifications:

4 Rl = 7.3 Ohms
4 R, =417 Ohms
¢ Ri=49.0 Ohms

*  lnpom=28/49 = 0.57 Ampere (@ 28.0 Volts)
*  Peon_non= 0.57*7.3 = 2.38 Wait
* Pl _nom=0.57*41.7 = 13.61 Watt (13.61/14 = 0.97 Watt per ldjline)

¢ Inax=29.5/49 = 0.60 Ampere (@ 29.5 Volts)
*  Puon ma= 0.60%7.3 = 2.65 Watt
* P max=0.60*41.7 = 15.11 Watt (15.11/14 = 1.07 Watt per heater

The selected elements for the liquid lines arezthg/15/4-336-4/HcAcwire heaters of
THERMOCOAX (www.thermocoax.coin This is a single core heater with cold ends. Wire
chosen has a sheath metal of stainless steel. WBAHEAC wires have a line resistance per unit
length of12.4 ohms/m.

These specifications are summarised in the follgwéble:

Liquid line heater (Wire)
Stainless steel

Coating material

Diameter 1.5 mm

Length cold/hot/cold 40 mm/3360mm/40mm
Resistance 41.7 Ohm

Power supply 28 Volt

Total Power nominal (approx) 13.61 Watt

Max Power density (@29.5V)| 4.49 W/m

Connector type CBO5SPE/CEMENTS8
Lead AWG AWG 22

Table 4-2: Liquid line heater mechanical specificabns

This wire heater is within the max power densityuieement of 65.5 Watt/m.
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The foil heater is chosen such that it has appditmensions: 1.5 cm width and 4.0 cm length.
The foil heaters should deliver app. 3-4 Watt whked in series with the parallel liquid line
heaters as presented in the previous section.résidted in the following Minco foil heater.

Condenser plate heater

Heater Number

Minco Foil HK 5222

Length 58.4*10.7 mm
Resistance 7.3 Ohm
Nom Power supply 28 Volt
Nom Power (approx) 2.38 Watt
Max Power Density (@29.5V) 0.42 Watt/tm
Lead AWG 26
Connector type |
Adhesive Minco #15 Epoxy

Table 4-3: Condenser foil heater specifications

This foil heater is below the max power densityuisgment of 0.465 Watt/ch
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Heater Location Heater Type Heater Heater Number Wire: L [mm] Max power | Total
resistance | Power @ 28| of wires | Foil: LxH [mm] density Power
Q Vdc @ 29,5V wW
Liquid Lines RAM | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [W/m]
R Primary Loop D = 1.5 mm 12.4Ym 16
A Prim. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
M RAM 58.4 * 10.7 mm
Liquid Lines RAM | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [Wim]
Secondary Loop D = 1.5 mm 12.4)/m 16
Sec. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
RAM 58.4 * 10.7 mm
Liquid Lines Wake | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [W/m]
w Primary Loop D =1.5mm 12.4)/m 16
A Prim. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
K Wake 58.4 * 10.7 mm
€ | Liquid Lines Wake | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [W/m]
Secondary Loop D = 1.5 mm 12.4)/m 16
Sec. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
Wake 58.4 * 10.7 mm
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Heater Location Heater Type Heater Heater Number Wire: L [mm] Max power | Total
resistance | Power @ 28| of wires Foil: LxH [mm density Power
Q Vdc @ 29,5V W
Liquid Lines RAM | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [W/m]
R Primary Loop D = 1.5 mm 12.4/m 16
A Prim. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
M RAM 58.4 * 10.7 mm
Liquid Lines RAM | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [W/im]
B Secondary Loop D = 1.5 mm 12.4Y/m 16
Sec. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
RAM 58.4 * 10.7 mm
Liquid Lines Wake | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [W/m]
W Primary Loop D =1.5mm 12.4)/m 16
A Prim. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
K Wake 58.4* 10.7 mm
e | Liquid Lines Wake | zuz/15/4-336-4/HcAc wire 41.7 13.61 1 3360 4.49 [W/m]
Secondary Loop D =1.5 mm 12.4Y/m 16
Sec. Cond. Plate | Minco Foil HK 5222 7.3 2.38 1 58.4 x 10.7 0.42 [W/cnd]
Wake 58.4 * 10.7 mm

Figure 4-3: TTCS Liquid line heater specifications
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4.5.6 TTCS liquid line health heaters design rationale

The sizing of wire liquid line heaters is basedlos trade off between:
* Heating rate of the capillary liquid lines at calohditions. The calculation is seen in
appendix A
« Maximum temperature of the carbon fibre rods +4@@o which the condenser tubes
are attached. Two thermostats per branch are pgriesanoid overheating of the rods.

The required branch heater power to heat up thdestser lines is estimated on 11 Watt.

The sizing of the Minco foil heaters attached aand¢bndenser plate is based on the estimated
heat leak from the liquid lines to the condensatglthe calculation is seen in Appendix A.
The objective of the heater is to compensate thélbak from the condenser lines to the
condenser base plate. The required foil heater pisvstimated on 3 Watt.

4.5.7 TTCS Liquid line heater safety and operational hegh measures

Non-operational and safety measures

In order to avoid overheating the carbon fibre rGdsl00°C) the liquid line health heaters are

equipped with 2 TS per heater line (Opening +54Ct@ing +32 °C). The thermostats are
located on the condenser line brackets as shoviigare 4-35 and Figure 4-36.

This safety measure keeps the Tracker rods bel@®wCl@s is presented in the TTCS Safety
approach RD-2 .

Operational health measures

In order to avoid the condenser inlet lines temjpees rise above set-point and critical
temperatures the heaters are controlled by Pt1@B®%=aP, Pt7aP, Pt9aP, Ptl10aP, Pt6aS, Pt7as,
Pt9aS, Pt10aS) during operation.

The TTCE switches off the heaters above -20 °Cs ©shown in Figure 3-1.
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5 TTCS 120 V heater design

5.1 Tracker radiator/condenser heaters (120 V)
The objective of the tracker radiator/condensetdisas to defrost the Tracker radiator NH
HP’s and CQcondensers.

5.1.1 Tracker radiator/condenser heaters location
The location of the Tracker radiators is showniguFe 5-1.

TTCS main hardware location RAM
P-Wake S-Ram
Condenser P-Ram
Condenser / Condenser
Port side = B R —— '
e y s - . ‘
S-Wake y P+S Evaporator

(Inside Magnet)

e  : +£

\‘hi‘“—
ol %: +X
Secondary
TTCSB
Ryimary
+Y
Starboard side
WAKE

Figure 5-1: Location of Tracker radiators and condesers at RAM and Wake side

In more detail the radiator is shown in Figure 5-2.

Each Tracker radiator panel is equipped by 120Vdpt#n foil heaters glued on the radiator
backside face sheet. The layout of the heaterhi@madiator is seen in Figure 5-2 and Figure
5-3. (With actual sizes of the foil heaters).Thathes are organised in 7 parallel branches. Five
(5) are divided over the radiator and two (2) blescare divided over the condensers (one for
each condenser). Condensers (mounted on the baakside radiator panel) are equipped with
120Vdc Kapton foil heaters as well. Details of beater locations on the condensers is found in
Figure 5-4 to Figure 5-6.
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TRACKER INNER SIDE VIEW
HEATERS LAYOUT : FOR REFERENCE ONLY
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Figure 5-2: Tracker radiator and foil heaters layou with actual sizes

e 5 * 6
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Branch 1 (Radiator) Branch 2 (Cond) Branch 3 (Rad) Branch 4 (Rad) Branch 5 (Rad) Branch 6 (Condenser) Branch 7 (Radiator)
—— N (|
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— —
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— ——-I
[ ||
|
[ [
Thermostats
|
TB[
a1
Bus B
ame as bus A
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Figure 5-3: Tracker radiator lay-out with electronics wiring schematic (RAM is similar to WAKE)
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The large foil heaters on the radiators are RICAbkd® layer foil heaters, combining A and B
heaters in one mechanical heater. The heaterseototidensers are single layer foil heaters. A
and B heaters are located next to each other agshd=igure 5-4 and .

Minco Foil Heaters

Figure 5-4: Mechanical location of the condenser lagers on the condenser back plates
(only one condenser is shown)

Remark: The oval openings are open spaces in tieoger plates to reduce mass.

No part of this document may be reproduced and/or disclosed, in any form or by any means, without the prior written permission of NLR.

AMSTR-NLR-TN-043_4.0_TTCS_Heater_Specifications.doc - Saved: 2009.09.02 03:56, Printed: 2009.09.02 15:56



AMS Tracker Page 62 Of 89
Thermal Control Doc.Id AMSTR-NLR-TN-043
pd
NLR Subsystem Issue 4.0
TTCS Heater Specifications Date August 2009
Aﬁa
: ] ] =——
Hm ® 0® E— \?IE
| ==
-\ )
}L"m 3 B8 £ B8 B
S @ & & R
A Al J
B _ @ B @ B @
B ®m @\ @ @ @ W i
- | | 2
< B W &3 £ B3 B @ N
s EE R = @ &= @
:. 1.3 SEE NOTE 4 tﬂ&_ ¢
9 A A ] e
sl | | @ EA ER B B3
wE | @ @ B @ @
(ysenoes || '
Y — ) B B @
R & & B @
o [ |
REFERENGE POINT 2 ﬁ o B B B L‘ j REFERENCE POINT 1
@ 2 i & G
5.5 HEF 32% HEF

‘ 1.4‘ 32 ‘HEATER

Minco Foil HNKS203R48.4L12B, AWG 22, Type 9

Figure 5-5: Detailed heater design Primary Wake & 8condary RAM
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Figure 5-6: Detailed heater design Primary RAM & Seondary Wake
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5.1.2 Tracker radiator/condenser heater electronic lay-oti

Branch 1 (Radiator)

A
Branch 2 (Condenser)

MV
Branch 3 (Radiator)

Branch 5 (Radiator)

MV
Branch 7 (Radiator)

Connector area

Return A

Live A

2TBFOR TTCS 28V
(MB1714/6 - DE1) /

N \
N ’ \\
1 CIRCULAR \
CONNECTOR FOR W
TCS (HEATERS 120 V)
~MS27497E8F 98P \
(3X20-P)

PDS

1TB FEEDTROUGH FOR TCS
120V (M81714/6 — DE1)

Figure 5-7: Tracker radiator/condenser heater elegbnic lay-out RAM
(The B-side schematics is similar but not shown)
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Branch 1 (Radiator)

Branch 7 (Radiator)

Connector area

Return A Live A

27TB FORTTCS 28V
(M81714/6 - DE1) /

PDS

Figure 5-8: Tracker radiator/condenser heater elecbnic lay-out Wake
(The B-side schematics is similar but not shown)

The schematics of the RAM and Wake radiator/congleheaters are shown in Figure 5-7 and
Figure 5-8. The heaters are powered by bus A aofltiBe PDS.
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The heater schematic shows 7 parallel branchesctethto one PDS line. The PDS line is first
divided in 2 sub-branches of respectively 5 radibtanches and 2 condenser branches. Reason
for this is two-fold:
* For integration purposes the condenser branchesl teebe mechanically as
independent possible from the radiator branches.
N.B. The radiator will be integrated later in th#8 integration sequence
« The thermostats located on the radiator have &iculimit of 1 A. Therefore the power
lines need to be split to reduce the current baldwthrough one thermostat.

All heaters on one Tracker radiator including corsdes heaters are switched by thermostats at
the same temperature on the same location. Fograiten reasons the thermostats will be
located on the condenser construction.
The thermostat rationale is as follows:
« For the safety critical condenser heater branabesed on the CO2 condensers one (1)
thermostat is located in the feed line and twadr{2he return line.
e The Same is done for the radiator heaters

Thermostat set-point for all thermostats in thekea radiator/condenser heater schematic:
« Nominal operation (No heat)
e Threshold temperature for closing -35°C
e Threshold temperature for opening -25°C

The heaters should bring the radiator to a tempexaif -40 °C.

Due to heater design with thermostats the desigwasfault tolerant for the condenser heaters
and the design is inherent safe. The condenseernseaan not raise the temperature of the
condenser to the Maximum Design Temperature of G5dbtiring melting (see also NLR-
Memorandum AMSTR-NLR-TN-039-Issue03 “TTCS CondenSerezing Test Report”). The
same thermostat configuration is applicable forrtitkator branches.
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5.1.3 Tracker radiator/condenser heater specifications

The following heaters are chosen for the trackdiatar (numbers per Radiator):

Model Size [mm] Type | Resistance Lead Effective | Number
Number X Y [ohms] wire area [cM] (total
AWG number)
1EFISG287001 140 430 Dual | 300+300 24 602 6
layer (12)
1EFISG288001 95 280 Dual | 200+200 24 266 2
layer (4)
1EFISG289001 95 150 Dual | 229+229 24 142.5 2
layer 4)
1EFISG290001] 95 280 Dual | 400+400 24 266 2
layer 4)
1EFISG291001 95 380 Dual | 100+100 24 361 1
layer (2)

Table 5-1: Radiator RICA heater specifications

The radiator heaters are double layer Rica foitdreacombining the A & B side heaters in one
foil. The

The condenser heater specifications are summariseable 5-2. These heaters are single layer
Minco kapton foil heaters 5203 (alias HK27565) typ® heaters with PSA #10 backing.
Redundant heaters are glued next to each other.

Model Size [mm] Type Resistance Lead wire | Effective | Number
Number| X Y [ohms] AWG | area[cm
5203 6.4 264.2 Type 0% 48.4 22 16.9( (PEBcond)
32 (per rad)
64 (total)

Table 5-2: Condenser Minco foil heater specificatios
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The power distribution per branch on the radia@d (3 V) is summarized in the next table:

Branch Branch Current [A] TS Current [A] | Power [W]
number| Resistance(}] @113V @ 113V @ 113V
1 729 0.155 17.5
3 700 0.161 18.2
Rad 4 700 0.161 0.794 18.2
5 700 0.161 18.2
7 729 0.155 17.5
2 387.2 0.292 33.0
Cond 6 387.2 0.292 0.584 33.0
Total 82.0 1.378 155.7

Table 5-3: Power current distribution @ 113Vdc overthe branches, (TS: thermostats)

The power distribution per branch on the radia@f6.5) is summarized in the next table:

Branch Branch Current [A] TS Current [A] | Power [W]
number| Resistance(}] @126.5V @ 1265V @ 1265V
1 729 0.174 21.95
3 700 0.181 22.86
Rad 4 700 0.181 0.889 22.86
5 700 0.181 22.86
7 729 0.174 21.95
2 387.2 0.327 41.33
Cond 6 387.2 0.327 0.654 41.33
Total 82.0 1.543 195.1

Table 5-4: Power current distribution @ 126.5 Vdc wer the branches, (TS: thermostats)

More details on the number of heaters, heat flames resistances can be found in Table 5-3.
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The thermostats used on the radiator are 7@ series Thermal Switchfrom Honeywell
having the following characteristics

¢ Ambient Temperature Range: -201 °C to +204 °C
e Specified Temp Set point Range: -49 °Cto82C
e Standard set-point Tolerance: £83

e The 700 series has supporting data at 1 amp 120VDC.
Specification of the dedicated thermostat:
¢ Honeywell TS705 Part no G311P641/03705S-13A005
e Opening -15 °C/Closing -25 °C

The thermostats are glued onto the condenser anadmtor structure.

OBS(2.16)* | | 390 MAX
083(1.60) | | - (9.91)
#.062+.005* oo 1-bb) /
(1.57+.13) 0204.005%
(.514.13)
3 '?'5 * / LBA“D\\W #.6 f! X =
0(7.62) \ B0 MA
_:r‘xﬁxl'!':.ﬁi‘::l i i (15.24) '
DY, .
=
B _|  .500 MAX
(12.7)

WEIGHT: 8.0 GMS MAX

Figure 5-1: Honeywell 700 series layout (dimensions inches)
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5.1.4 Radiator terminal blocks/junctions

First the

[
Branch 1 (Radiator)

M81714/6-DE1 Opposite Side view Branch 7 (Radiator)

Feedthrough type TB

2

|| M81714/6-DE1 Top yi
1

M81714/6-DE1 Side view
o] o ' °

° °
—=—o | o o—o

I

)

1
Thermostats j j

I I The terminal block (TB) used to
connect the radiator wires are aphenol terminaktjons (vww.aphenolpcd.cojn The
M81714/6-DE1(5x2—Feed through type)

iiiiil
ojejefo|e |

And for the second split 2 terminal blocks (A,Bhwit/- on the same block) type  (2x6, 2x4 —
double ended type).

Total 4 terminal blocks are needed for the linéA#kKe Tracker radiator). The same for the
other radiator. Total 8 are needed : 2 terminatkddype *(A,B)*(Ram,Wake) ; +/- on the
same block.
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PDS | PDS | Location on # of Total Total
bus | Line radiator patches Heaters Heaters
Type resistance Area,
RICA
(unless [cm?]
incicated)
1EFISG289001
Branch 1
Side radiator 1EFISG288001 729 1010
1EFISG287001
Branch 2 8M*|2(2:(())3
Condenser 387.2 135.27
1EFISG287001
Branch 3
- . 7
A Mid radiator | 1erisG290001 00 868
Linel0
Ram 1EFISZG)(287001
Branch 4
Mid radiator 700 1565
1EFISG291001
1EFISG287001
Branch 5
Mid radiator | 1eFIsG290001 700 868
Branch 6 8@'2;83
Condenser 387.2 135.27
Branch 7 L 1EFISG289001
Side radiator|1EF'SG288001 729 1010

1EFISG287001
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PDS | PDS | Location on # of Total Total
bus | Line radiator patches Heaters Heaters
Type resistance Area,
RICA
(unless [cm?]
incicated)
1EFISG289001
Branch 1
Side radiator 1EFISG288001 729 1010
1EFISG287001
Branch 2 8M*|2(2:(())3
Condenser 387.2 135.27
1EFISG287001
Branch 3
- . 7
A Mid radiator | 1erisG290001 00 868
Linel0
Wake 1EFISZG)(287001
Branch 4
Mid radiator 700 1565
1EFISG291001
1EFISG287001
Branch 5
Mid radiator | 1eFIsSG290001 700 868
Branch 6 8M*'2383
Condenser 387.2 135.27
Branch 7 L 1EFISG289001
Side radiator|1EF'SG288001 729 1010

1EFISG287001
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PDS | PDS | Location on # of Total Total
bus | Line radiator patches Heaters Heaters
Type resistance Area,
RICA
(unless [cm?]
incicated)
1EFISG289001
Branch 1
Side radiator 1EFISG288001 729 1010
1EFISG287001
Branch 2 8M*|2(2:(())3
Condenser 387.2 135.27
1EFISG287001
Branch 3
- . 7
B Mid radiator | 1erisG290001 00 868
Linel0
Ram 1EFISZG)(287001
Branch 4
Mid radiator 700 1565
1EFISG291001
1EFISG287001
Branch 5
Mid radiator | 1eFIsSG290001 700 868
Branch 6 8M*'2383
Condenser 387.2 135.27
Branch 7 L 1EFISG289001
Side radiator|1EF'SG288001 729 1010

1EFISG287001
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PDS | PDS | Location on # of Total Total
bus | Line radiator patches Heaters Heaters
Type resistance Area,
RICA
(unless [cm?]
incicated)
1EFISG289001
Branch 1
Side radiator—o 222800 759 1010
1EFISG287001
Branch 2 8M*'2(2383
Condenser 387.2 135.27
1EFISG287001
Branch 3
- . 7
B Mid radiator | 1erisG290001 00 868
Linel0
Wake lEFISZGXZS?OOl
Branch 4
Mid radiator 700 1565
1EFISG291001
1EFISG287001
Branch 5
Mid radiator | 1eFIsSG290001 700 868
Branch 6 8M*'2383
Condenser 387.2 135.27
Branch 7 L 1EFISG289001
Side radiator|1EF'SG288001 729 1010
1EFISG287001

Table 5-5: Tracker radiator/condenser heater detail
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Appendix 1: Heater sizing liquid line heaters
TTCS Liguid Line Heaters Sizing
Maximum temperature at hot condition:
Doy = 152m L) = 30m 5o 56 1070 =3 S = 005
K

52
Al = 2m-Dprrly Al = 2827 % 107w

Tarmr (= 303K PLLI'LEM = 1059

. 0.
4  FLLheaters
Th ‘- | Termr + —m8 —
ﬁ-Al-E]R
T, - 383773 K

Thoelsepne = Tp —273-K

Liguid lines heating rate at cold conditions:

I I
o= Cp - 2510 —— Cp -435 —
cod kg K rcorel kg K
. kg L. = laom D = i
Fooz = ;2;._3 m o
m

W2
Moz - ;'D:in L1Pegz

B eelecpye = 110.773E

kg

m

PLIheaters

.= 1 .2
M omel = ;'I:D-m ~ Dy )'LI'F':imumeZ

_qn
Dtdt = 1445 Kmin :

Ctdt =
n-|: BPeoz Mpz + ':Pirmml'Min-:ml:l
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Estimation capillary ligquid lines heat leak rate (at condenser side):

d_ = Jmm d;, = lamm Lo = 0.05m
2 .EJ
A=y (dﬂ %in by =377x 10 Tl
_ W 2y, _
k, = 15.Hﬂ Mpes = kSSL_g DT = 100K

Plnss = Gloss DT

» 1
Plo.. = LI3IW
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Appendix 2: Conductance of bolt connection betweethe heat exchanger and base
plate

Heat Path
] Stand-offs
Z 7
heat exchanger bracket-foot / 7 / %
[ '
%% 44,
¥
Base Plate ' | ¥ BasePlate
Material Properties:
Inconel ==
e W e W
Kine =15.5— hyg=153—
. L = L
Gy _ine=180 e G, g =480 =
P ™ BHIZI-]E3 Pgg = TE00- —3

Contact Conductance:

. W
C oo = 500 2_
m K
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Dimensions

Hyyo=1lmn
Hgp:=10mn
Hygy = 10mn

B g1y 22mn
R o1iHeaf Smn

By

Kine Ay

Ryt = (Comi s
0

kgg A7y

_ HBolicyl

" gy Ay

Rgpo=

By Lis

Rph: Br - [ctmt'*"mu_nr )_ '

D, =5mn

D

o

M- (nmf - nmzjl’:'

=1 0mm

Apms = ':“mzj' )

Apps gp = % Dy Hpp

Rypy= 1”-95%

Eroni 33'95%

K

=111—
Bsi0 w

By1is= ?3'23%

Frx
Rl:= = * Foomt tRg30+ Beon

Ry
R2=—— + Beont* B5:0™ Beona™ Bylis™ BBlis_BI

Gl= i
Kl

Gl= L
R2

Got_Bolf G+ &

W

Gl=0013—
K

Eg1s BP- 5-35%

Rl ='?4.-515‘2'I£
W

C2=64% 10 >
K

w
Got_Borr Vo

2
Ay = 58.905mam

2
Appy, = 19.635mm

2
AB:HI_BP =314 155

RZ=15-'—1.D!;‘lE
w
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Appendix 03: Properties Thermocoax CB and CM speclaconnectors with Cement8

a
)
g

Echelle 1:1
2 i)
& 0 8
L g = :— 4
‘ Ly svi.OF 15 |Lg sW.QF|
A @ @
0.5 3 5 | -
4] —
| / L e 7
—— — — F = 3 f—
1 / 5 T # ‘ # i e _;l.
| > \ '
-
Pt e Brasure AG 102 {la plus fine possiia) 3
l L Remplissage céimanl DW30
aftention; falre le ciment e plus Tigulde possible
i Dénudages: Echelle 2:5 |
| |
:VH-" F— j —
T -'I—gal _lq—g,:.
- [NoTA
i - Réaliser une brasure la plus fine possible {sans surdpaisseur)
puis repousser la gaine isolente du cable d'alimentation.
] 2
i 1 s
] a 1
H 1 1| BOMER 10spé XACrNI18.10 408 173 Q2]
H REP. |[Nbre | DESIGNATION MATIERE N de PLANS :;.:
| 7ol e t_m _“':}'2. o Jﬁ""\f&’[\?
. g CM 10 spé. ciment omre
i Trabement
Ensembin g ee—
S Oa document ,propeéid de fa socisld THERMOCOAK ne paul &t reproduit ou o BANS 800 1
CODE PLARGUTVCH Nome
i e — THERMOCOAX &g == s
Dets _21/DA/0E | Due F-61438 FLERS CEDEX
cTimon
g 5 Ech. 51 Format Ad 408 1?2|
e N L
B |

k D C
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Appendix 04: Recommended Soldering by Thermocoax

CASTOLIN hard- én
zachisoldeer produkten

Bindtemperaturen (°C)

—300 — Castolin 182

300 — Castolin 1460 XFC!
—7 75— Castolin 16 , 18

—750— Castolin 185 XFC
=T700— Castolin 187

—&50— Castolin 1803 , 1820

25— Castolin 1810

500 — Castolin 1686
575—Castolin 1030 XFC

560 — Castolin 1020 XFC
—550— Castolin 1802 ,CasteSil
0—Castolin 21 F

00— Castolin 180 150 AL

230 —Casiolin 157,187 PA

102 N (Ittmswi)
.
o fﬁ_
—J0
niguwzilyer-
£n messing-
soldeer
BO0—
Zilversgigeer
mel max
: g 7 et
20% zilver, 0
resp. speciaal
soldeer
—550=—
zilversoldeer
miel mesr
d_an 20% E00—
Zilver, resp.
koper-fosfoor-
soldeer
A b 55 et
- g -
D zluminium-
£  soldesr
=] S0 0t
=
| | &
=
15C_
=
@
—
= E
a g5
£ =8
E
[+
L]

4

Q=—CastoTin |, II, I
—210— AluTin 51
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Superlor electrical insulation for.

Appliances
Furnaces

Heating alamants
Lamp assembiies
Resistors

Sauereisen Electrotamp Camant Mo 8 is
premeriy ueed whare high elecirical insu-
latian and thermal conduciivity are
desired, Mo, 8 cures by a chemical-ssl
and i ideal for polting applicatians sub
pect bo Figh temperaiura andior thermal
shack. Formifated with & zireen base,
fhe cemen 18 nen-comoEwe antd compati-
ble for applisatiens with ceramics. glass
and most medala. The material (s sup-
plied in Powdes form and reed only be
mixed wih water 1o apply

CHARACTERISTICS

O Providas maximumn akectical resis
tanca

O Heat conchictive ard themmal shack
ressiant.

O Withstands temperatures to 2600°F
(1426°C),

O Easy o mecand pply.

O Ideal for patting appicationg

O Chemical set

O Odoress

AFPLICATION

Sauereisen Electrotemp Cemant Mo B
Powder should be thoroughly remixed
betare using. Weigh appraximately 100
parts Powder and 13 parts water, Flace
Paudes ift & clean mixing contairer. Add
water to the Powdet al one lme whils
mixing - do rol add waler gradually
Cantime mixing wtd a smaeath, uhilsm
consistanay is ablmned.  Mixing may be
dars with & slow-speed miker or by hand
with a spatuia

YSICAL PROPERTIES

Coefliciert of thermal expansion

Appendix 05: Technical Properties Cement8 (Page01)

SAUEREISEN

ELECTROTENR CENENT . &

26x 10%F4 (488 10507

Calor

& TOOF (21°C)
8 7509F (398°C)

T80 o 4045 Voksimil (2,900 to 3900 Volts/mm)
2503 b 38 0 Votsimil {2ED b= 1,400 Voit<imm)
T2 LA WRET (460 1 980 Votime)

Maimum sarvios temperaluns

25007 (1425°5)

o b (Fowderwater, by welghi

100:93

Tensile strangih

400 pai (28 kglam?)

Tharmal mm:uﬂ

Valume restslivily
@ 7O {2100)
@ TSOOF (3BE°C)
& 1.4759F (BO1eC)

B 11 Bl
27-38x 103 Calem

10151071 ohim-em
10210 ahim-cm
108 107 ahim-cm

rern, datn ore subject o reasonabie deviation

[Phoyticnl propamas wore dstarmined an specimans propared undsr abarstory cendions using|
apiicalin ASTMW procodurss, Actual field condibions rsy vary snd yald $Bwent rasuks. thare-

Minimum amount of water should be
uEed 85 8XCESS watar roduces mechani
cal slrangth, incresses shrinkage and
delays ael time. Fallure of cemant to
adhere irdicates setting nas Degun - dis-
card camant. Do nol attampt to retamper
by adding more water.  Porous sub-
sirales Ay require dampening with
Zavereesn Thinning Liguid Ma. 14 pror
1o cement eaplication,

SETTINGICURING

Electrotemp Cement o 8 hardens with
an irdedned chemicalsaliing achon aftar
18-24 hours at ambient {smpersture
WWarking time of No. B whan Pawder is
mixed with water is approximalely 30
ltes &t TOOF, If It b desired 1o socel
wrake fhe cure, low hempersaiure ovan dry-
ing al 180°%F can be used. Awoid steam-
ing while drying Proper curing of No. 8
s ortical to develaping masmum

strengthe. Il the cament will b exposad
o elevabed tempersfures, constant waker
immersion or sSeam enviroamends, con-
suft Sauereisen for an appropriale drying
schedule recommendation.

For higher humidity resistance where || s
impractical to fire cement, 8 moislure-
resistant lacquer or silicone coating
ehould b= applied fo the exposed sur-
FaceE

PACKAGING

Standard packaging for Electrotemp
Cament Mo. & s 50 ib. bags. Small pack-
girg in guarls and gallons s available,
taa. Conaull Saveraisen for pricing of
special packaging in pafis
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Appendix 05: Technical Properties Cement8 (Page02)

June 2003

SHELF LIFE

Saueraisan Mo 8 Powder has @ shelf ife
of mne year when slored in unopaned,
lightly sealed contaifers in & ary loeation
& T0OF. Il there s a doubt as b the guak
iy af the maberial, consult Sausresen.

CAUTION
Garsull Meterial Satety Data Sheets and

coniemer label Caulion Statements for
any hazasds in handing thie matenal

1 Satermmn Corme s Compsany

CLEAN-UP

Al squipment shauld be cleannd with
aoap and water befare Mo, 8 cues, I
remeval s requiced aftes cure, consull
Sausreisen for reoommendatiors.

WARRANTY

W warrant {hat aur goeds will canfom &
the descrighion contained i ihe arder,
and hal we have good tile 1o all goods
gald. WE GIVE WO WARRANTY

WHETHER OF MERCHANTABILITY,
FITHESS FOR PURPOSE OR OTHER-
WIEE, EXPRESS OR IMPLED, OTHER
THAN AS BXPRESELY §ET FORTH
HEREIN. W= are glad o offor sugges-
fions af o el you b cusiomars using
Sauaraisen cements and compounds for
& similar application, Users shell dater-
mime 1he suitabllity of the pradust fer
imended appleation before using, and
users assume all rek and lakdity whatsa-
evar in connectian thafewith regardiess of
any suggestons as 1o appicalion of Son-
stugtion. In no evert shall we be lable
hemunder or athersise for incidental er
corsacuental damages, Our Eabifily and
yaur sxciusve remedy hemunder of ath-
araise, In law or (0 ogquity, shall be
awpreasly imfted to our replacemant af
AEACENfarming Goods at aur factorny o, &
alr sale aptien, to repaymant of the pur-
chase price of nenconforming goods.

8 iInformation concerning govem-
ment safely regulations. available upon
roquest,

[ Saversisen also produces com-
pounds far cormosion resistance, elec-
troutatie discharge and grouling,

since 1838
160 Gemme Drive
Pittshurgh, PA 15235.2080 USA
Phane 41279630303 Fax 412/363-T520
WA BaLrEman a0m

Frinted i U B4,
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Appendix 06: Thermostat set-point specifications

Thermostats (28 V) Specifications #*
TEC cooler Set-point +40 C closing, +45 C forunipg Comepa | 12
Model 45
Order number: Comepa 4701BHY045040
Accu Flight Control Set-point +45 C closing, +85or opening Comepa| 12
Model 45
Order number: Comepa 4701BHY055045
Start-up heater & Cold-orbit heater  Set-point €56losing, +80 C for opening Comepal6
Model 45
Order number: Comepa 4701BHY080060
Liguid line health heater Set-point +32 C closing4 C for opening, 16
Honeywell TS 701
Part number 701S090A130A
Thermostats (120 V) Specifications #
Tracker radiator Set-point - 35 C closing, -25 €dpening, 24

Honeywell TS 705
G311P641/03705S-13A005

*The numbers are flight numbers
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Appendix 07: Terminal block specifications
Terminal Blocks Specs Amphenol | Number Remarks

heaters

TTCS Liquid line heaters M81714/6-DE1 8 2 neatheamndenser
manifold
120 V Tracker radiator M81714/1-DE1 4 1 near each condenser

manifold

The numbers mentioned are flight numbers.
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Appendix 08: Pre heater detailed design

FM: PRE HEATER, ASSY AND PARTS
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Appendix 09: Accumulator heater deltailed design
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Appendix 10: Start-up heater detailed design
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Appendix 11: Cold orbit heater detailed design

Nl §
LN /
i/ \
i/ LA
AH 4 A aRG
Y 'CS (‘j ©) e ORE)
il i
M




89 Of 89
4.0
August 2009

AMSTR-NLR-TN-043

Page
Doc.ld
Issue
Date

AMS Tracker
Thermal Control
Subsystem
TTCS Heater Specifications

=i

l c £ t

LW A o
1 [1 LIS ¥ IWIE
o m_. -B5-18 1 s e E,nghn,ﬂ_..wwm_ SEY0EN U3 RERIAOIT 1B 34T D-MFEO-WIR0-E3 S I
SIL0N J14]3d MWIEFE © SNEATHHT LLF WS D ebE e b —I I_
7 L e T e BIl0-9Ek-0 ‘#1gS 'PE-9EP-0 EldS | 2B-9EP-0 '21d5-BaS [
AHVHIHd-2ILVIH 1 W G311 canggaem VN HOLTA B0-SE9-0 1£ds (PH-SEv—0 S5 | 26-9E-0 SI'GIGAS-145 £
G ——T A L
ERTTVR L] VIOBIAHE DL E BENEIE]-HIHL _
08 wemr By lBoszmasp TS MDY el 1 WS L WO L X ‘DROSKOAHETOLF DHAUCTB-CH ‘SROCLOAHAI0LY PHAUCHE-IH] 2 & !
pontag wuesdoiess O] 1% @ ool L. N k.2 PP PI-Cr/BGLIIWE2CE/60L22N 'TENISZZ-00SLEN SIuLA | |
A EREL| ATTERD s |

|

|

|

|

sosecnpepy  ATHE MING ip peveg IALN A3 |
3 |

|

|

|

|I--m|rf1 s EO00-88-28  puond

a
B T ey |
% s |
e 1
|
|
° I
= I
J -
1
- [
=
] - I
g i
o dEATEHTLL ) I— !
e o 3 | .
e el
J & a2 !
| 2 Empee |
o e
f i
s
i
il ¥ P |
| . ean
| |
€ ;
| T T |
| |
"
wabyam | P i |
i 5y dWEETAHTLL | |
00 TIE¥D l
|
e .mamﬂm»m i
! Lt TR S 3|
I d.i_nxnw_.lll.lr..:llel_
i AMUNIM4 DL G3A14 Shd W30 AT AL
|
i
I
|
i
[
|
I
|
|
|
i
[
I
I
F°L i
|
drorobes
Ao I %u r |
o \W r I
- | st -
dvaniL |
e/ e dee gl 3w
[ET e | | ) dtid X080 A DTN B S0T
O3ADMd | W | WL IEH |~3a] Anvwlad OL 03914

+B0LEMH MOIS1AZE |

Appendix 12: TTCB-P Cabling schematics (with TS ingtations)




